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The influence of age on Na-K-ATP-ase activity in erythrocytes in fetal 6 (1978) 154 an( j new born guinea pigs
K. G. Rosen, L. Sigström
Department of Physiology and Department of Pediatrics, University of Göteborg, Sweden f here is strong evidence that sodium-potassium activated adenosine-triphosphatase (NA + -K + -ATPase) located in the cell membranes mediates the active transport of sodium ions and potassium ions across the cell membranes. The degree of this extremely vital enzyme activity in different cell Systems is linked to the function of each cell with high activities in cells with rapid shifts of sodium and potassium ions, äs for instance in nerve cells. As ATP is hydrolyzed in this energy demanding "pumping" of sodium and potassium ions an adequate formation of ATP is important. The dependancy of fetal metabolism on the anaerobic utilization of large Stores of glycogen during hypoxia is well known [3, 4] . Thus, there is strong relationship between the preasphyxia levels of myocardial glycogen and the ability of the fetus to withstand asphyxia, measured äs "time to last gasp" [3] . According to these findings it was also demonstrated that the myocardium of fetal guinea pigs was able to keep its ATP levels unaltered äs long äs there was glycogen left to be utilized during graded hypoxia [11] . In aprevious study a high Na-K-ATP-ase activity has found to be related to a high glycolytic activity in erythrocytes [8] . Furthermore it has been demonstrated that anoxia leads to a marked increase in the rate of outflow of potassium ions in the diaphragm of adult rat, associated with a very high initial lactic acid production generated from the anaerobic utilization of glycogen [2] . Thus it appears to be Curriculum vitae of relevance to an organism with high glycolytic capacity also to have a parallel increase in sodium pump capacity. Therefore it seemed to be of interest to elucidate the capacity of fetal and newborn animals to maintain an ion balance over the cell membrane äs indicated by the Na + -K + -ATP-ase activity in erythrocytes.
Material and methods
The experiments were conducted on 39 guinea pigs of different degrees of maturity. Thegestatiorjtal age was estimated from fetal weight using Standard curves from DRAPER [5] , and general appearance, the mature fetus looking like a miniature adult. The material was grouped äs follows: l: 8 immature fetuses weighing less than 50 g, gestational age 48-54 days 2: 8 mature fetuses, gestational age 60-65 days (term 65 days) 3: 8 newborn guinea pigs 2-3 days of age 4: 8 newborn guinea pigs l to 2 weeks of age 5: 7 pregnant guinea pigs The guinea pig mother was anesthetized with ether äs an induction and then tracheotomized. After cannulation of a carotid artery anesthesia was maintained with urethane (200 g/l) with a single dose of 0.4 g. Maternal blood sample was taken from the same catheter. The fetus was exteriorized by a midline cesarean incision and blood was obtained from the umbilical cord by cutting it. The newborn guinea-pig was anesthetized with ether and blood samples were obtained from a carotid artery. Na-K-ATP-ase in erythrocytes was analyzed according to DODGE et al. [4] with modifications by WHAUN and OSKI [15] and further modification suggested by PHILLIPOT et al. [9] . EDTA blood was centrifuged at 600 G for 10 minutes. EVF was estimated and after that plasma, white blood cells and toplayer of erythrocytes were sucked off. The remaining erythrocytes were washed twice in a solution containing 5 mM sodium phosphate per liter in 0.135 M saline, each time followed by centrifugation at 600 G and subsequent sucking off of the supernatant fluid. Redilution with phosphate solution to an EVF about 40%. Hemolysis was performed with 15 volumes of an ice cold solution with pH 8.0, containing 5 mM of TRIS (tris-hydoxy aminomethan) and 2 mM of EDTA per liter and fater 15 minutes centrifugation was started at 15 000 G at 2°C for 30 minutes. The supernatant fluid was sucked off carefully and the remaining erythrocyte ghosts were brought to another tube and the same volume of the ice cold TRIS-EDTA solution äs earlier was added to the ghosts and after 15 minutes followed by centrifugation at 15 000 G and 2°C for 30 minutes. The above procedure was repeated further once. The remaining erythrocyte membranes free from hemoglobin were frozen until incubation. After 60 minutes in a freezer the erythrocyte membranes were thawed and diluted with a solution containing 5 mM of TRIS per liter with pH 7.5 to a volume exceeding the original blood volume with about 25 per cent. 0.2 ml of this solution was added to tubes containing 0.8 ml of an incubation solution to a volume of l ml with a final concentration per liter of TRIS 15 mM, MgCl 2 3.7 mM, KC1 5 mM, NaCT 43 mM, EDTA 0.25 mM and ATP 3.5 mM with or without ouabain 0.5 mM. Tubes containing all the compounds except magnesium were used äs blanks to correct for non enzymatic breakdown of ATP. Tubes containing half the amount of erythrocyte membrane solution were prepared at the same time except for ouabain. All the procedures above were undertaken in a temperature of 6° and under strictly uniform circumstances from time to time. Incubation was started in a metabolic shaker containing water at 38 °C. After 60 minutes the tubes were rapidly cooled with ice and l ml of 10% trichloracetic acid was added to each tube. After centrifugation inorganic phosphate was determined according to SUBARROW and FISKE [6] . The absorbances were related to protein contents of erythrocyte membrane solution determined according to LOWRY [7] .
Results
The mean values in each group of ouabain insensitive and ouabain sensitive adenosine triphosphatase (Na-K-ATP-ase) levels expressed äs nanomoles inorganic phosphate per mg protein per hour are presented in Tab. I. The significance levels given in the text were calculated by using WILCOXON'S ranking test. Thus, the mean values of the levels of Na-K-ATP-ase (ouabain sensitive adenosine triphosphatase) in erythrocytes of immature fetuses is higher than in the other groups. During the first week after birth the levels are falling but rise again after about one week. When studying the ranges in the different groups there is some overlapping but the P-values between group I and the other groups show a significant difference (p < 0.05). There is also a significant difference between the mean values of group II and group III (p < 0.05) and between group III and group IV (p < 0.05). There is a relationship between immature low weighing fetuses and high Na-K-ATP-ase activity äs is seen in Tab. I. One mature fetus and one guinea pig 9 days old, the levels of which exceeded 2000 nmol inorganic phosphate per mg protein per hour both weighed less than the other animals of the groups II and IV. No relationship could be found when plotting the EVF of the original EDTA-blood specimen against the levels of Na-K-ATP-ase. No relationship could be found between the levels of Na-K-ATP-ase and the occurrence of coagulation in the original EDTA-blood specimen.
Discussion
This study was performed in order to investigate the "maximal" capacity of Na-K-ATP-ase activity in the erythrocyte membranes from guinea pigs with special regard to the influence of gestational and\post partumage. Statistically significant differences were obtained between the different groups of animals (Tab. I). These alterations in Na-K-ATPase levels should not be due to the methodological error since the analyses were made in a strictly standardized way according to the above made description of the method. The random error of the method has been calculated in human erythrocytes and was found to be ± 3%. Thus the obtained alterations should be due to a real difference in the Na-K-ATP-ase activity of the different groups.
The changes in this enzyme level with a decrease after birth has previously been reported in the sheep [1]. The increase of ouabain Inhibition with increasing age has also been reported. The total Na-K-ATP-ase levels in erythrocytes of fetuses and the total levels of the other groups of guinea pigs seem to have similar relations äs human erythrocytes from corresponding maturity groups. The pattern of alterations in the Na-K-ATP-ase level measured in erythröcytes from fetal and newborn guinea pigs püght to have some implications to the difference in metabolic Situation to which the cells are subjected during this period of life, especially with regard to oxygen supply. Although this study only includes measurements made on erythrocyte membranes it is likely that changes occurring in these membranes will somewhat reflect those of other structures such äs the myocardium. In View of previpus findings [3, 13, 14, 11] which clearly demonstrate the dependency and capacity of the fetal myocardium on the anaerobic utilization of myocardial glycogen stores and the fmding by PARKER and HOFFMAN [8] indicating a link between the glycolytic enzyme phosphoglycerokinase and Na-K-ATP-ase it can be assumed that an increase in the level of Na-K-ATP-äse would be beneficial for a tissue with a high glycolytic capacity such äs the fetal myocardium.
The sequence of alterations found in the Na-K-ATP-ase levels with high levels measured in the immature fetus and a decrease towards birth are in parallel with the pattern of changes measured in the cardiac glycogen [3] . This parallelity seems to be of importance since glycogenolysis induces a liberation of potassium which is lost from the cell [5, 2] . This means a change of the potassium ion gradient over the cell membrane which has to be minimized and restored by an increase in the activity of sodium pump. An increase in the Na-K-ATP-ase level reflects an increase in the capacity of this pump mechanism [10] . Thus a high sodium pump capacity is of importance in order to maintain the cellular integrity which is a main requisit for the function of different enzymes such äs those included in the glycolytic pathway. Perhaps it is so that a high Na-K-ATP-ase capacity is involved in the superior ability of the fetus to survive anoxia.
Summary
One of the dominant factors behind the ability of fetal and newborn animals to sustain asphyxia is the anaerobic utilizationof glycogen stored in the liver and myocardium. Glycogenolysis seems to induce a liberation of potassium ions leaking extracellularly and high capacity of the sodium pump might be essential in preserving the cellular integrity during asphyxia stress äs well äs during the phase of recovery where there ought to be a demand for an increase in sodium pump activity in order to restore the ion balance over the cell membrane. Thus, it seemed to be of interest to elucidate the capacity of fetal and newborn animals to maintain the ion balance over the cell membrane äs indicated by the Na-K-ATP-ase activity in erythrocytes.
The material consisted of 8 immature fetuses, 8 mature fetuses, 8 newborn guinea pigs (2-3 days of age), 8 young guinea pigs (1-2 weeks of age) and 7 pregnant pigs. Blood samples were obtained from either the umbilical cord or a carotid artery and Na-K-ATP-ase activity was measured in the erythrocyte membranes according to DODGE et al. [4] with modifications. After sucking off of plasma and washing and centrifugation of the erythrocytes twice in PBS and after osmotic hemolysis and centrifugation at 15 000 G for 30 minutes three times in a solution with pH 8.0 containing 5 mmoles of TRIS and 2 mmoles of EDTA per liter, the hemoglobine free membranes were incubated in a solution containing TRIS, MgC12, KCI, NaCl, EDTA, ATP with and without ouabain for 60 minutes at 38°. Inorganic phosphate was measured and the activities were related to protein content of the ström a Suspension. The result showed a significant decrease of measured Na-K-ATP-ase activity with fetal age and the lowest values were found in newborns 1-2 days of age. After this age an increase in the enzyme activity was found, however the highest values always being found in the immature fetus.
Thus it appears äs if in the fetal and neonatal period there is a decrease in sodium pump capacity of erythrocytes which seems to be in paiallell with the ability to sustain asphyxia. Although the measurements were made in erythrocytes one can speculate whether these changes might give Information about the pattern of alterations occurring in other tissues, e.g. the myocardium äs well. Perhaps a high sodium pump capacity is involved in the superior ability of the fetus to survive anoxia.
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Zusammenfassung
Der Einfluß des Alters fetaler und neugeborener Meerschweinchen auf die Na-K-ATPase Aktivität in Erythrozyten semble donc que pendant laperiodefoetale et neonatale, la capacit6 de pompe de sodium des erythrocytes diminue de fagon parallele a la faculte de lütte contre l'asphyxie. Bien que les mesures aient 6te seulement effectuees sur les erythrocytes, il n'est pas impossible que les changements observes t6moignent aussi d'alterations analogues dans d'autres tissus tels que le myocarde. Peut-£tre la faculte plus grande du foetus ä surmonter Fanoxie depend-elle aussi d'une capacite elevee de pompe de sodium.
Mots-cles: Activit6 de pompe de sodium, cobaye foetal, cobaye nouveau-ne, erythrocytes.
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